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ABSTRACT j { : 

Groups of teachers in and around Ann Arbor, Michigan 
identified 143 characteristics a competent elementary school teacher 
should have in order to teach science. Whemteacher educators were 
asked to rate these competencies major discrepancies became obvious. 
Teacher educators placed a very important value on competencies which 
were rated low or as having no value by practicing teachers. Such 
differences in perception become critical when practicing teachers 


evaluate the performance of student tedchers whose goals are more oe 


likely to be those advocated by teacher educators. Further, teachers 
and teacher educators differed ‘significantly in their estimations of 
when a cofipetency should be attained. Three conclusions can be drawn 
from this preliminary research: (1) Teacher educators appear to 
attach less importance to classroom discipline and record keeping and 
more importance to working with students; (2) Teacher educators 


appear to believe that competencies should be attained earlier in the 


student's career; and (3) The differences found between teachers .and 

teacher educators indicate that assessment of the competencies 

themselves is as important a task as assessing student's attainment 

of the tasks and shou be included in any competency based progranm.. 

The 143 competencies: re “incinded in the Appendix. (EH) 
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A - , . ‘ | 
The evaluation and assessment of competencies has ‘ 


‘ 


two large componen 1S. The first is the evaluation OF: — | 
BP shentincgien Sakae cele 
students to find how well they ‘have obtained ne stated 
sieagian ey This paper addresses che forex: Nas | 


Under a grant frém the Michigan State. BEDRESIENE” 


‘of Education, | the University of Michigan in See yakaniee 


with the alenentkaxry school teachers in the Ann Arbor, te er pty 
‘ , 2 ; tL a 
Michigan area’ developed a list of 230 competencies. The 

. ‘ a ar * 


competencies were chosen as "Characteristics a competent 
o . ‘ 


?e “= q ; 2 ) 
elementary teacher should have in order to teach science." 


Four teams of Four to five teachers each wéfe formed 


to develop the competencies. To first evaluate the | 
competencies, similar competencies from each gyoup were 


: : 4 ’ 
‘edited to obtaiy a single competency statement. Then ’ 
io * ¥ f- . « wh Te . w 
the SeMpE keeles x were ranked -by the teachers as _to veil me 
. oe j 
for elementary science teaching and how‘ much ‘involvement. ao Poh 


the University of Michigan ‘should have in developing the 


‘ 

competency. . Teachers rated. the competencies from Sees 
, s i, Ay Je tl nae care 

in importance and 1 to 4 in ei ai involvement. The 


ratings of eke teachers and 4 teacher edugators were 


- ‘ 


| analyzed, Means and standard ‘deviations were . genérated 


~ 2 * ‘ 7 we 


} * a . | _ Page :2 


a for all competencies. Competencies were’ femoved if. P 


two conditions were met, The competency had to be rated. 
s » : 


* less than average in importance and also be rated in 


é 
a 


the lower,quartile for University involvement. ‘Of the 


230 competencies, 50 met both conditions and were ‘conr 


sidered for dropping Analysis of those competencies ‘ 
considered for rejec aon indicated a difference in s 
ratings va 8 ers and teacher educators. To 
navi the dif éréjice in Fating wag ag Significant, data ~~ eed _ 
~ about the 230 comp tencies were run through the MIDAS : 
computer program ystem whefe a Mann Whitney U Test was 


sauteed * The /Mann Whitney U Test was ppetotmnd . ' 


because At allows relaxation: ‘oft ‘patametric assumptions \ ; (. 
‘of no ality necessary for a small’ x? Of the 230 
_ compe encies, 44 (approximately 208) were significantly ; 4 


diff¢rent at thea = .05 level in either importance for 

scifnce teaching or thiivabedtby of Michigan invoivement. 

A list of the 4 competencies sflowing such ‘aifferences / 
is shown in Moncnats I. Competencies ne occurred on | | 
‘this dist and were’ included in the list of 50 competencies 


‘which were selected for, removal were reinstabded for purposes. 


.@£ future research. 
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Independent consensus and adtting was done during this 


eee Aas hes by gssesspent specialists. ‘ The project ‘staff 


; ; synthesized the products and further reduced the list as 


to a final list of 143 competencies. This list may be 


wt ote 


; found in Appendix II. The impact of differences between 
} teachers in the’ field and teacher educators to a teacher 


education program cannot be overstated. As an example, < 
Lae eb nnn inane syne ete mh ian ei sree nuscnearennnamsainunnsiivait osname ith iMate renal Mo A bpp ei iets mr impede aot ebaneaamainnale 


supervising teachers in the, field may place a very qT eany nae 
‘ *, value on |pompetencies which have received low or no value ea 
Me by teach r ‘gducators, Such differences in  gabbergeion may : 


, a ; create cal broblems. for student beachers who may 


not be! awate of the source of sbok pyébiens. 3 


To £ ether i eae ‘Si Steranses 


e etwetn teachers and 


~ was increased. The resulting data base consisted of 22. 
\ \ 


and 18 teacher educators. , Analysis of variance 


in areas around Ann hebax were included oy teacher 
e 


educators a danpegar t “involved sai science cation wane 


Of iatecast was the distribution of differences 


comp ring “when a Stapatancy anon} be attains: . Using Te 


? bt f 
nd teacher educators are shown in Tabl 1. i 


. > \ > 
. ‘ Table 1 
. : y . Hf 
¥% t 4. : f 
v <’ 
Aided anne niiineec tia rsap et ad ones Taken be conaioteiyet dy dit nitro eeeinne: 


shicananniacapmte ation 
: Categories “and Terres between Teachers and 
ee oy Teacher Educators on Ratings of Competencies 


a 


e 4 a ' Differences 


vy Category . = % . . in Percent 
. ny 1) Before oe an education program., . — 7 40% 
(2)Initial field experience johwervatish)< ha 30% 
3) Undergraduate education courses ~ | 45% 
4) Student teaching. : | ' Ae 
5) In-service experience. : hig Aig. 938 


pitacwebiiee: workshops, professional, pawhand and 100% 
education courses, | 


/ 


Aiea ern in rl ane essen steer gi aU em letter i elf Yacht sn eseiiliaiee ini rchaccennsnsnfonunnsianior 


; si de ; 3 eae | | 
\ x2 ; Par: . 8 | ; “4 be 
S) The 66 competencies which - indicated * a ‘difference ‘in easy 
- ‘ A ue ry 


ratings between teachers and teachér educators are shown 
in xepanidis Ill. Numbers appearing beside each competency 
indicate the Sategery. The direction of difference is — 
indicated by an asterisk beside, each of those competencies - 
rated ‘as more SRPRETANE ar should bé- attained earlier by 


teacher educators. Note ‘that 25 of 33 competencies (75%) 


eta Ayn ic Ribee naernemenatetrieer hs amenadatlbicn 
Sv endlabeenne ninemsn es nem nein cama maine eimebicnainamaaaaniiseseiaimen mms lian vanrakintie serrate nese me mado ee na pn i ma nen laeacrent 


" were rated as should be attained earlier by teacher 


educators. Note also that 22 of 31 cippetancios (71%) 


, 


were rated as ime important by teacher educators . 
As can be concluded from this preliminary research, 


teacher edubatoun prpoee to attach less importance to 
‘classroom. discipline and /recérd keeping and more ifipoPtance 

to working with students eacher educators appear to mee 

believe that competencies should be. attained earlier in. 


6 
‘", Wf ‘the student's career. | : . send ie Rap ao 
Finally, the differences found between teachers ana 


a 
2 
a 


teacher educators indtante that assessment. of the competencies . 


as . themselves’ “a as important a task /as aaseeaing student's th 
attainhent of the tasks and should be included jn any com=" 


‘ | petensy based, program. <i 
. 28 : ah * 
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MASTER LIST OF ELEMENTARY SCHOOL SCIENCE TEACHING COMPETENCIES = ¢° 
| BY CATEGORY te 
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.. ACADEMIC BACKGROUND ; : 
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193° " DEMQNSTRATF LINDERS TANDING nF CONSTANT CHANGE 
197 DEMONSTRATE UNDERSTANDING OF ECNS YSTEMS ? 
220 | KNOW DEVELOPMENTAL STAGES é: 
223 DEMONSTRATF. ABILITY TN RESEARCH AND MRGANIZE FACTS 
239 * KNOW CONTENT FNOUGH TN RESPOND TO STUDENT QUESTIONS: per tae oe 
252 - KNQW METHONS OF SCIFNTIFIC INQUIRY 7a 
~ 257 KNOW MICHIGAN MINIMAL PERFORMANCE OBJECTIVES. i on 
6 2Ths DEMONSTRATE tiINDERSTANDING MF SPACE AND TIMF CONCEPTS 1 
"298: DFEMONSTRATF UNDERSTANDING NF STRUCTURAL PATTERN CONCEPTS Se) Sin. ae 
* 309 DEMONSTRATE PROPER CLASSROOM CARE FOR LIVING THINGS 
353, - DEMONSTRATE UNDFRSTANDING OF GEOLOGICAL CONCEPTS 
375 UTILIZE LOGIC IN SCIENTIFIC INVESTIGATION 
382. DEMONSTRATE UNDERSTANDING NF CONSERVATION NF MATTER AND ENFRGY 
3aF . DEMONSTRATE UNDERSTANDING OF INTERDEPENDENCE OF LIVING ‘OBJECTS 
* 399 DISCRIMINATE PROPFRTIFS OF LIVING AND NONLIVING OBJECTS AND CLASSIFY- 
405 DEMONSTRATF UNDERSTANDING, MF ENERGY CONCEPTS 
406 - ‘DEMONSTRATE UNDERSTANDING NF INTERACTION CONCEPTS 
an :% ASSESSMENT : ee m5 
te 
189 FVALUATE APPROPRIATENESS MF MATERIALS AND ACTIVITIES RELATIVE TO THE & 
210 EVALUATE SCIENCE PROGRAMS. 
230. EVALUATE LESSONS AND TEACHING PROCEDURES 
“* 240 EVALUATE ACTIVITY AND REORGANIZE WHEN UNSUCCESSFUL 
250 -ANALYZE ‘SITUATION: TO DETERMINE APPROPRIATE ASSESSMENT MODES 
* 260. _ INCORPORATE FEEDBACK FROM STUNENTS AND PARENTS 
Pees GENERATE CONSTANT FEEDBACK TO STUDENTS 
2a1 APPLY CONTINUNUS SELF-EVALUAT BON, PROCEDURES 
, * 282° EVALUATE PROGRESS ON GOALS WITH INDIVENUALS AND GROUPS 
2A7 - FORMULATE REALISTIC GROUP AND INDIVIDUAL EXPECTATIONS 
292 © EVALUATE USE OF MEDIA ns 
356 EVALUATE INTERACTION OF SELF AND STUDENTS ; 
367 © INVOLVE CHILDREN IN SFLF-EVALWATION- “ ; sé 
395 | EVALUATE HOW WFLL FACH CHILD'S NFEDS HAVE BEEN MET 
* 396 — KEEP RECORDS OF MATERIALS\ 
* 404 


FORMULATE ACCURATE UP=TO-DATE RECORDS .OF STUDENT ACHIEVEMENT: 
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_* Those competencies with significant differences in ratings anOng teachers 
and teacher educators. * 13 y 


Pes 


4 


CLASSROOM MANAGEMENT 


DEMONSTRATE ABILITY TM MANAGE GROUPS OF VARIOUS SIZES ma 

ORGANIZE CLASSRNOM WITH CHILDREN TO PROVIDE LEARNING VARIETY 

ESTABLISH & CREATIVE AND ATTRACTIVE, LEARNING ENVIRONMENT 

MAINTAIN ROOM CLEANLINFSS AND ORGANIZATION WITH CHILDREN 

FORMULATE ROUTINES AND CLASSROOM LIMITS WLTH CHILDREN 

MAINTAIN EFFECTIVE CLASSROOM DISCIPLINE 

) RESPOND’ TO UNEXPECTED SITUATIONS EFFICIENTLY AND WITH COMMON SENSE. 
*  ESTARLISH ENVIRONMENT TO ENCOURAGE ORGANIZATION AND SHARING 

ESTABLISH AN MPEN, RELAXED CLASSRONM ENVIRONMENT 

DEMONSTRATE SENSE MF FAIRNESS THROUGH CONSISTENCY 

ESTABLISH CLASSROOM ENVIRONMENT WHICH DEVELOPS INDIVIDUAL LEARNENG 


L 
- 


CURR FCVLUM 


INVOLVE STUDENTS IN.UTILIZING THE PROCESS OF MEASURING (METRIC) 
INVOLVE STUDENTS IN UTILEZINGS THE PROCESS OF COMMUNICATENG 

ADAPT MATEREAL RELATING TO DAFLY CIFE INTO THE CURRICULUM: 

UTILIZE VARIAMHIS SUR-GROUPS NF SOCIETY AND MF THE LOCAL COMMUNITYE 
SYNTHESIZE RELEVANT MATERIAL INTO THE CURRICULUM 

INVOLVE STUDENTS. IN IITILIZING THE PROCESS OF OBSERVING 

INVOLVE STUDENTS IN UTILIZING THE PROCESS OF- INTERPRETING DATA 
INVOLVE STUDENTS IN UTILIZING THE PROCESS NF CLASSIFYING 

SELECT CONTENT WITH SUFFICIENT DEPTH FOR MULTIPLE ACTIVETIES 
INVOLVE STUDENTS IN UTILIZING THE PROCESS OF PREDICTING 

DEVELOP CONCEPT OF INTERRELATIONSHIP MF ORGANISMS AND THEIR ENVIRONMEN 
UTILIZE MEASURING SYSTEMS WHICH ARF.RELEVANT TO STUDENTS 

DEVELOP AND USE CLFARLY NEFINED PERFORMANCE OBJECTIVES 

-INVOLVE STUDENTS IN. UTILIZING THE PROCESS OF RECORDING 
PROVIDE GUINANCE IN STUDENT MAINTAINANCE OF ORGANTSMS: IN CLASSROOM 
INCORPORATE REANING AND MATH SKILLS. 5 
FSTABLISH CONTENT BACKGROUND APPROPRIATE TN TEACHING LEVEL 

INVOLVE STURENTS IN UTILIZING THE PROCESS MF FORMULATING HYPOTHESIS 
INVOLVE STUDENTS IN UTILIZENG: THE PROCESS OF HYPNTWESIS TESTING 


< 


& 


¢ 


MAT.ERTALS 


UTILIZE FREE AND Nia LA MATERIALS 
LOCATE AND EVALUATE NEW.MATERIALS ; 

SELECT AND USE APPROPRIATE MENDIAe MATERIALS, AND RESOURCES. - 
INCORPORATF ORGANIZATION IN PREPARATION ANN. ARRANGEMENT OF MATERIALS 
PREPARE LIVING MATERIALS FOR CLASSROOM t 
OPERATE SCIENCF EQUIPMENT 

DESIGN SCIENCE MATFRIALS FROM TRASH OR JUNK : 
USE RELEVANT PRINTED MATERIALS 

MODEFY MATERIALS FAR CLASSRONM ACTIVITIES 
ESTARLISH-MENIA CENTFR FAR INDIVIDUAL RESFARCH 
CONSTRUCT AND CARF FOR AQUARIA AND TERRARIA ; 
LOCATE SCIENCE FOUIPMENT SOURCES FOR A SPFCIFIC CLASSRONM/TEACHER 
FIND APPROPRIATE REFERENCE MATFRIAL 

USE-AND OPERATE A VARIETY AMF AUDIN-VISUAL MATERIALS AND/OR EQUIPMENT 
SELECT COLLECTION MATERIALS CRITICALLY (E.Ges ROCKS AND MINERALS) 
PLAN AND ORGANIZE FOR USE MF MANIPULATIVE MATERIALS 

USE A VARIFTY OF MATERIALS~ 

CONSTRUCT SIMPLE ‘EQUIPMENT 


’ 


PERSONAL DEVELPMENT (PUPIL OR TEACHER) 


GUIDE CHILDREN IN MAKING RFALISTIC GOALS AND CHOICES. 
EXPAND PROFICIENCY IN SCIENCE EDUCATION BEYOND PRESERVICE 
PARTICIPATE EN INSFRVICFE WORKSHNPS 
ORGANIZE EXPERIENCES WHICH WILL GIVE CHILDREN POSITIVE RELATIONSHIPS & 
RECOGNIZE ASSET OF HUMOR AND UNPLANNED DISCOVERY IN CLASSROOM EXPERIFE 
PROVINF ATMOSPHERF FOR’ RFSPFCT 
UTILIZE IN-SERVICF TRAINING OPPMRTUNITIES 
DEVELOP CONTINUING INTEREST IN NFW. SCIENCE FINDINGS 
DFEMONSTRATF ABILITY TO FFFECTIVELY COMMUNICATE WITH VARIOUS PEOPLF 
APPRECIATE VALUF IN STUDENT RESPONSE 
-SVISIT OTHER CLASSROOMS , 
REGAIN POSITIVE-FOWILIBRIUM. AFTER DISCOURAGING EVENTS 
DEMONSTRATE FOLLOW \THROUGH ON COMMITMENTS 
BE TACTFUL WITH STIINENTS ‘. 
SHARE MUTUAL RESPECT FOR SELF AND OTHERS ; 
RECOGNIZE INDIVIDUAL CHILD'S GNALS, STRENGTHS» WEAKNESSES,» NEFDS 


eS t 


PHILOSOPHY 


%% 


CREATE AN APPRECIATION FOR THE BEAUTY, WONDER “AND QPENNESS OF SCTENCE 
DISTINGUISH BETWEEN ‘VALUE JUDGMENT AND POINT OF VIEW 


403 
408 


_ RESAURCES 


SFLECT AND INVOLVE COMMUNITY RESOURCES 

USE STUDENTS AS RFSQURCE 

USE LIBRARY RESNURCFS OF SCHONL ‘MR crmeiNtTy 

USE FNVIRONMENT AS A SCIENCE LABORATORY: |. : ; 
USE PROFESSIONAL JOURNALS FOR INSTRUCTION AND RESEARCH © 


“* 


SAFFTY 


i) 


‘ 


RECNGNIZE AND EVALUATE SAFETY HAZARDS “IN“EVERYDAY EXPFRIPNCES 
USE SAFETY PROCFNURFS IN SCIENCE EXPERIMENTS and Esme see LONE 
KNOW STATE AND.“SCHOOL SAFFTY RULES. 

STRUCTURE ACCIDENT PROCEDURES FOR CHILDREN 

DEVELOP SAFETY CONSCINUSNESS IN THE STUDENTS 


V oreacHinc STRaTEGtEs 


UTILIZE GAMES AND SIMULATIONS 1 4 : 
PLAN AND CONDUCT FLFELN TRIPS ; ars 
ESTABLISH WITH CHILDREN IMPORTANCE APPLYING SCIENCE KNOWL EDGE 
USE POSITIVE REINFORCEMENT TECHNIQUE 
USE VARIOUS QUESTIONING.-TECHNIOUFS , COGNITIVE AND. AFFECTIVE 
INCORPNRATE SPONTANENUS CLASSROMM CHANGES INTO LESSONS 
PLAN CHILD-CENTFRED ACTIVITIFS 
PROVIDE FOR ACTIVE STUNFNT PARTICIPATION AND DISCUSSION 
PLAN ACTIVITIES “APPRMPRIATF TO AVAIL&BLE TIME | . 
PREPARE LESSON PLANS AND MATERIALS . 
USF INDUCTIVE AND NEDUCTIVE REASONING 
USE STUDFNT*'S IDEA TO DEVELOP LOGICAL SALUTION TO A PROBL: 
UTILIZE TEACHING BFEHAVINRS WHICH MOTLVATE STUDENTS 
DEVELOP QUESTIONING OF CONCLUSIONS 
ASK QUESTIONS APPROPRIATE TN CONTENT ANN AGE LEVEL. 
FORMULATF MEANINGFUL EXPERIENCE FRAM FKPERIMENTAL FAILURE ; 
INCORPORATE AN ATMNSPHERE OF SCIENTIFIC CARIGSITY BND CONDUCT 
REFRAIN FROM FORCING CONCLUSIONS . 
ASK DIFFERING COGNITIVE QUESTIONS 
ESTABLISH OPFN-ENDED DISCUSSIONS 
USE PUPIL-TEACHER AND PUPIL=PUPIL PLANNING 
DFVELOP IN STUDENTS EXCITEMENT AND ENTHUSTASM FOR SCIENCE 
USE EXPERIMENTS WHICH WTILIZE THE SCIENTIFIC PROCESSES 
PROVIDE INDIVIDUAL AND GROUP INSTRUCTION 
DEVFLMP LESSONS WHICH RELATE TO THE STUDENTS 
DEVELOP SELF-NIRECTIVE SMALL GROUPS ; 
CANTROL. FXPERIMENTAL VARTABLFS p 


_ PROVIDE A VARIFTY NF LEARNING STTUATIONS 


PROVIDE FOR FURTHER STUDENT TNOU TRY i 
USE PROBLEM APPRNACH 


-PFRFORM DEMONSTRATIONS 


IMPLEMENT A VARIJFTY OF ACTIVITIES CONCURRFNTLY : = 
INVOLVE STUDENTS IN OPEN,EXPLORATION F 
DEVELOP VOCABULARY NPERATLONALLY (THROUGH USE) 
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4 . 
When the Competency should be Fifst Attained 


Before entering an’ education program 


Develop concept of interrelationship of organisms and 
their environment. (1*) 
emonstrate ability to effectively communicate with various 
people. (1*) See” Fy 
Regain positive equilibrium ‘after discouraging events. (1*) ¢ 
Respond to unexpected-sittuations efficiently and with 
_ common sense. (1-) : 


Initial field experience (observation) 


Use library resources of school or community. (2*) 


Undergraduate education courses 


Use professional journals’ for instruction and research. (3-) 


Student teaching 


Use student's idea to develop logical solution to a problem. (4*) 
Develop questioning of conclusions, (4=). . 
Guide children in making realistic goals and choices. (4*) 

Involve students in utilizing the process of hypothesis testing. (4*) 
Develop s aetna conscidéusness in the students, (4*) . 
Develop in students excitement and enthusiasm for science. (4-): 

_ Develop lessons which relate to the students. (4*) 

Involve students in utilizing the process of measuring (metric). (4*) 

Control experimental variables. (4*) 

Select and involve community resourceg. (4*) 

Formulate accurate up-to-date records of student Sen tevenent. (4*) 

Provide atmosphere for respect. (4-) 

Establish open-ended discussions, (4*) 

Use various questioning techniques, cognitive and affective, (4*) 

Formulate meaningful experience from experimental failure. (4-) 

Incorporate spontaneous classroom changes into lessons. (4*) 

Demonstrate proper classrom care for living things. (4*) 

Provide guidance in student maintainance of organisms in 
classroom. (4*) 


In-service experience. 


Establish with. children importance of applying science knowledge. (5*) 
Structure accident /procdures for children. (5*) 
Locaté science equipment sources, for a specific classroom/teacher. (5* 
- Utilize various sub-groups of ‘society and of the local aa 
when planning instruction. (5*) 
Adapt materials relating./to daily I'ife into ‘the curriculum, (5-) 
Analyze situation to det rmine appropriate assessment modes. (5*) 
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In-service experience con't. , 


Apply continuous self-evaluation procedures. ‘(5*) 
Establish media center for individual research. (5-) 


j ‘ 
In-service workshops, professional meetings and education courses 
et aM 
Develop.-continuing interest in new science findings.” (6*)' 
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Competencies in which there were Significant Differences 
between Ratings of Teachers and Teacher Educators dk 


Importance for Science Teaching 
Before entering an education program 


Recognize and evaluate safety hazards in everyday experiences, (1*) 
rere follow through on commitments. (1*) 
are mutual respect for self and others. (1*) 
Distinguish between value judgment and point of view. (1*) 
Know methods of scientific inquiry. - (1*) : 


Ihitial field experience (observation) 


Utilize free’ and inexpensive materials. (2*) ; 
Visit other classrooms, (2*) ve ; F; 


. ra A . = ¢ 
Undergradubet education courses. 3° : “rt : : ‘ 
Plan ‘child-centered’ mebivities: (38)... * . * 
Select collection materials critically. (e.g., rocks and minerals) . (34) 

. Design science materials from trash or’ junk, (3*) 


Incorporate organization i; Brepanstion and arrangement of 
materials. (3-) 

Construct simple equipment. (3%) + 

Use problem approach. (3*) Se 

Use and operate a variety of ‘audio-visual aaa and/or 


‘ 


‘ 


equipment. .(3-) . © .- \ 
Prepare: lesson plans and materials. (3*) | dts ae 
Locate and‘evaluate new materials. (3*) . z ° : 


Student teaching ; a3 
, 


Maintain effective classroom distipline. (4-) 

. Perform defmonstrations. (4-) % 
Maintain. room cleanliness and organization with children, (4-) 
Evaluate progress on goals with individuals and groups. (4*) 
Utilize measuring systems which are relevant to students. (4*) 
Construct and care for aquaria and terraria. (4*) , 
Evaluate activity.and reorganize when unsuccessful. (4-) 
Develop vocabulary operationally (through use). (4=-) - 
Ask differing cognitive questions. (4*). 


In-service experience 


Keep. records of materials. (5-) 
Incorporate feedback from students and parents. (5*) 
Synthesize relevant material intq the curriculum. (5*) 
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In-service workshops, professional meetings and education courses 


Participate in in-service workshops. (G*) 
Utilize in-service training opportunities. (6*) 
Expand proficiency in science education beyond pre-service. (6*) 


